ABSTRACT Exponential models were used to characterize (1) ex-vessel value (in dollars) per shrimp by size category (count; Le., number of shrimp per pound, heads off?; (2) size composition (expressed as cumulative weight of the catch in pounds, heads off, by size category); and (3) ex-vessel value composition (expressed as cumulative ex-vessel value, in dollars, of the catch by size category) for reported May--August catches (inshore and offshore combined) of brown shrimp (Penaeus aztecus) and white shrimp (P. setiferus) from the Texas, Louisiana, Mississippi, and Alabama coasts (statistical areas 10-21) from 1960 to 1978. Exponents of the models were used as indices to investigate trends in ex-vessel value per shrimp, sue composition, and ex-vessel value composition of the May-August catches during this period. This approach to analysis of catch statistics can be used to monitor these fisheries, and the results can be compared with changes that may be brought about by the closure of the fishery conservation zone off Texas, as proposed by 1981 by the Gulf of Mexico Fishery Management Council, in the fishery management plan for the shrimp fishery of the Gulf of Mexico.
INTRODUCTION
The fishery management plan for the shrimp fishery of the Gulf of Mexico, prepared by the Gulf of Mexico Fishery Management Council (GMFMC 1980) , proposed a simultaneous closing of the territorial sea of the State of Texas and the adjacent fishery conservation zone (FCZ) to shrimping during the time of the year when brown shrimp (Penaeus aztecus) in these waters are, for the most part, smaller than 65count (refers throughout this paper to number of shrimp per pound, heads removed). The territorial sea is the area under state jurisdiction extending from the coastal baseline to 9 nautical miles off Texas (Figure 1) . The FCZ is the area under federal jurisdiction beginning at the outer limit of Texas' territorial sea and extending 200 miles from shore. The closing of Texas' territorial sea to shrimping normally begins June 1 and extends t o July 15. However, a IS-day flexibility in the closing and opening dates is allowed to accommodate effects of climatic variations on shrimp growth, within the restriction that the period of closure does not exceed 60 days. The inclusive dates for the closure in 1981 were May 22-July 15. The management plan encouraged the State of Texas to continue its seasonal closure of the territorial sea, to eliminate minimum size restrictions on shrimp caught in open waters before and after the closure, and to evaluate the effect of allowing white shrimp (P. setifents) fishing to continue within the closed areas during the closure.
Rationale for the proposed closure was an expected increase in yield from additional growth of the protected brown shrimp, and from the elimination of waste due to discarding of undersized brown shrimp in the FCZ from the Southeast Fisheries Center, Galveston Laboratory, National Marine Fisheries Service, NOAA. Manuscript received March 24, 198l; accepted June 15,1981. (GMFMC 1980). The management plan recognized that the closure might affect other fishing areas (e.g., the coasts of Louisiana, Mississippi, and Alabama) by shifting fishing effort to those areas. Therefore, it was the intent of the management plan that the biological, ecological, social and economic impacts of the closure be monitored in 1981 so that revisions could be made if warranted. As might be expected, the proposed closure of the FCZ off Texas has become a highly controversial issue. There is considerable interest and concern on the part of the fishing industry, the Gulf states, the GMFMC, the National Marine Fisheries Service (NMFS), and fishery scientists regarding the potential impacts of the proposed closure.
We expect that the redistribution of fishing effort, the changes in fishing strategy, and the additional shrimp growth that may result from the closure will cause changes in size composition of the combined inshore and offshore catch.
Inshore waters generally are considered to be landward of the barrier islands, and are represented by bays or estuaries. Offshore waters are seaward of the barrier islands. According t o Henderson (1972) and Ricker (1975) , an increase in average size of individuals in the catch could indicate a decrease in mortality (usually equated with a decrease in fishing mortality) or an increase in growth (e.g., if recruitment were poor, and if population density were low as a consequence). A decrease in average size might be brought about after the closure by retention and landing of large quantities of small shrimp, previously discarded at sea. Also a decrease in average size might be caused by an intensification of fishing in offshore and inshore waters open to shrimping in other areas during the closure. Socioeconomic factors leading to changes in strategies of fishing, culling of the catch, and marketing of the landings also could influence size composition of the catch.
Caillouet et al. (1980) developed a simple exponential model to characterize the size composition (expressed as cumulative percentage of weight of catch by size category) of annual catches of shrimp. They showed that the size of brown and white shrimp in the reported annual catches from Texas and Louisiana decreased from 1959 to 1976. Caillouet and Koi (1980) modified the model by applying it to cumulative weight by size category instead of cumulative percentage of weight by size category, and used it to investigate trends in size composition of the annual landings of brown, pink (P. duoramm), and white shrimp from the Gulf and southeast coast fisheries of the United States from 1961 to 1977. Caillouet and Koi (1980) also used exponential models t o investigate trends in ex-vessel value per shrimp by size category, size composition, and ex-vessel value composition of these annual landings. Using the methods of Caillouet and Koi (1980) , Caillouet and Koi (1981) investigated trends in ex-vessel value per shrimp by size category, size composition, and ex-vessel value composition of reported annual catches of pink shrimp from the Tortugds fishery off south Florida from 1960 to 1978. The effect of shrimp size on the ex-vessel value of the catch has also been recognized by Neal (1967) , Griffin et al. (1974) , , and .
The NMFS has the responsibility for monitoring impacts of closing the FCZ off Texas. The purposes of this paper are to propose a procedure for monitoring the brown and white shrimp fisheries of Texas, Louisiana, Mississippi, and Alabama, based on the methods of Caillouet and Koi (1980) , and to use these methods to investigate trends in ex-vessel value per shrimp by size category, size composition and ex-vessel value composition of the reported May-August catches from 1960 to 1978. This approach can then be used as one means of assessing the impacts of closing the FCZ off Texas in 198 1. The period May-August was chosen for these analyses to assure that the period of closure of Texas' territorial sea and the FCZ would be starting and ending dates for the closure. Including May and August in the time interval of coverage for the years 1960-1978 will assure that some catch statistics will be available from the Texas coast for future comparison with those from Louisiana, Mississippi, and Alabama for the May-August periodin 1981.
DESCRIPTION OF DATA
Summaries of the May-August catches of brown and white shrimp and their ex-vessel value were compiled from data files available from the NMFS, Southeast Fisheries Center (SEFC) Technical and Information Management Services (TIMS), Miami, Florida. The combined weight of the reported May-August catches (inshore and offshore combined) was expressed in pounds (heads off) and the exvessel value in dollars, by year (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) ; coastal area (statistical areas 10-12, 13-17, and 18-21, Figure 1 ); species (brown and white shrimp); and size category (< 15, 15-20, 21-25,26-30,31-40,41-50, 51-67 , and 2 68 count, and "pieces," representing parts of shrimp tails that could not be assigned to a count category). Comparable data for the years 1979 through 1981 were not available at the time of this writing.
The three coastal areas are defined as (1) Texas coast (statistical areas 18-2 1 combined); ( 2 ) Mississippi River to Texas (statistical areas 13-1 7 combined), representing that part of the Louisiana coast west of the Mississippi River; and (3) Pensacola to the Mississippi River (statistical areas 10-12 combined), representing that part of the Louisiana coast east of the Mississippi River, the Mississippi coast, the Alabama coast, and a small part of the upper coast of Florida (catches from Pensacola Bay are not included in this area; they are allocated to the adjacent Apalachicola area by TIMS). Note that part of statistical area 17 is included in the area that was closed in 1981 ( Figure 1) . Therefore, for the years 1960 to 1978, the May-August catch statistics for the Mississippi River to Texas coastal area represent a somewhat larger zone open to shrimping than was the case in 1981, as a result of the closure. This should be considered in any future analyses applying our methods to data for the Mississippi River to Texas coastal area.
English rather than metric units are used throughout our paper because they have been used historically, and information would have been lost in their conversion to metric units. Catches used herein represent those portions of the actual catches that were landed by domestic commercial fishermen at domestic ports and reported by the National Marine Fisheries Service or its predecessor, the Bureau of Commercial Fisheries, U.S. Fish and Wildlife Service. 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 0 967 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 0 shrimp decreased with increase in count (decrease in size), as expected. Lower limits rather than midpoints or upper limits of the seven size categories were used in constructing model 1 , as in Koi (1980, 1981) . The < 15 category represented < 3% of the May-August catches of brown shrimp in each of the three coastal areas in any given year.
ANALYSES AND RESULTS
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However, for white shrimp, the < 15 category represented as high as 23% of the May-August catches from the Texas coast, 15% from the Mississippi €her to Texas, and 28% from Pensacola to the Mississippi River in certain years. We did not include the < 15 size category in model 1 to be consistent with previous work, and because the logarithmic form of model 1 is not a straight line in the region of < 15 count (Caillouet andKoi 1980, 1981; ), The category "pieces" was excluded from the model because it represented parts of shrimp tails which could not be assigned to a count category. The constant, a, reflected the elevation of the straight line which was influenced in part by our use of lower limits of size categories and exclusion of the < 15 size category in fitting the model. The slope, b, of the straight line is a simple index of the ex-vessel price spread among the size categories of shrimp, i.e., it is an index of ex-vessel price structure.
There were significant downward trends in b for brown shrimp in all three coastal areas, and for white shrimp in all coastal areas except the Texas coast from 1960 to 1978 (Table 4) . For white shrimp from the Texas coast, the general trend was downward, but it was not statistically significant. The downward trends indicated that the MayAugust ex-vessel price spread among the size categories Qf shrimp increased from 1960 to 1978. Whitaker (1973) also observed an increase in price spread between large and small "southern" shrimp during the period from 1957 to 1971. The data point for 1972 was excluded from calculation of the trend for white shrimp from Pensacola to the Mississippi River because no catch was reported for the > 68 count category in 1972 and, therefore, the fit of the model was poor (Table 3) .
May-August Cumulative Catch by Size Category
We calculated the cumulative weight, P, of the May August catch in each of the same seven size categories, for each species, coastal area, and year (see Koi 1980, 1981) . These catches were cumulated, starting with the size category of smallest shrimp (highest count, 2 68) and continuing toward the size category of largest shrimp (lowest count, 15-20). The following exponential model described the relationship between Pi and Ci for each species, coastal area, and year:
where Pi = cumulative weight of the May-August catch in the ith size category. The logarithmic form of model 2 was used to estimate parameters c and d by linear regression (Tables 5 through 7 ). The coefficients of determination for the straight lines were very high. All slopes, d, were negative, which reflected the construction of model 2 by cumulating catches from small-to large-shrimp size categories (see Koi 1980, 1981) .
There were significant upward trends in d for brown shrimp, but no significant trends in d for white shrimp, in all three coastal areas from 1960 to 1978 (Table 4) (Table 5 ) were lower than those from the other two coastal areas (Tables 6 and 7) , indicating that the shrimp in the May-August catch from the Texas coast generally were larger than those in the other two coastal areas. The data point for 1972 was excluded from calculation of the trend for white shrimp from Pensacola to the Mississippi River (Table 7) as in the previous section. Tables 1-3 , 5-7, and 9-1 1, respectively. Data for 1972 were excluded from regressions for white shrimp from Pensacola to the Mississippi River (see Tables 3,7 , and 11). 2The trend (slope) was significantly different from 0 at the 99% level of confidence.
31ndicates >O.OOO but <0.005, which would not round to 0.001.
4The trend (slope) was significantly different from 0 at the 95% level of confidence.
There were no significant correlations between the weight of the May-August catch (including "pieces," Figures 2 through 7) each year and corresponding levels of d (Table 8) . A lack of correlation suggested that size composition was not the major factor affecting the weight of the MayAugust catch. This would be expected if another factor (e .g., year-to-year variations in recruitment) played a larger role than changes in size composition in determining variations in weight of the May-August catch.
May-August Cumulative Ex-vesel Value of Catch by Size Category
For each species, coastal area, and year, we calculated the cumulative ex-vessel value, D, of the catch in each of the seven size categories, starting with the size category of smallest shrimp and cumulating toward the size category of largest shrimp (see Koi 1980, 1981) . The following exponential model described the relationship between Di and Ci for each species, coastal area, and year:
where Di = cumulative ex-vessel value of catch in the ith size category. The logarithmic form of model 3 was used to estimate parameters g and h by linear regression (Tables 9  through 11 ). Very good fits were indicated by the very high coefficients of determination. All slopes, h, were negative, reflecting the construction of model 3 by cumulating ex-vessel value of catch from small-to large-shrimp size categories.
Only the upward trend in h for brown shrimp from the Texas coast and the downward trend in h for white shrimp from Pensacola to the Mississippi River from 1960 to 1978 were statistically significant ( Table 4) 
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was excluded from calculation of the trend for white shrimp from Pensacola to the Mississippi River (Table 11 ) as in the two previous sections.
Simulations
Models 1 and 2 provided information useful in simulating the impacts of predictable changes in model parameters, barring any major changes in fishery management such as the closure of the FCZ off Texas. We conducted simulations t o estimate what the overall average ex-vessel value per pound of the May-August catches of brown and white shrimp in the three coastal areas would have been for selected levels of b , to explore the possible consequences of changes in both the size composition of the catches and the ex-vessel price spread among size categories.
Because there were significant inverse relationships between ln(a) and b for both species in each coastal area (Table 8) , we were able to estimate parameter a for selected levels of parameter b for each species and coastal area, to simulate Vi in equation 1. We then calculated the corresponding ex-vessel value per pound by size category 1960 16,792,619 1961 9,683,268 1962 7,121,864 1963 19,298,733 1964 10,538,439 1965 16,842,736 1966 17,312,685 1967 31,665,870 1968 23,600,064 1969 20,210,847 1970 26,922,152 1971 30,789,368 1972 28,351,769 1973 16,561,644 1974 17,059,026 1975 13,688,820 1976 33,812,124 1977 48,701,481 1978 45,423,493 -0.01158 0.982 6,735,954 - from the simulated Vi, In each case, we used the ex-vessel value per pound obtained for the 15-20 size category as an approximation of the minimum ex-vessel value per pound for the < 15 size category, because the model did not encompass the < 15 size category. We then multiplied the simulated ex-vessel value per pound in each size category by the reported pounds caught in each size category to simulate the ex-vessel value of the May-August catches by size category. The weight of catch in the category "pieces" was excluded from these calculations. The resulting values were summed over size categories to simulate the ex-vessel value of the May-August catches (pieces excluded). The simulated ex-vessel value was then divided by the reported May-August catch (pieces excluded) to obtain the simulated May-August average ex-vessel value per pound for each level of b for both species, for each coastal area, and for each year. Straight lines were fitted to the simulated ex-vessel value per pound versus d by linear regression (Table 12 , Figures 8 through 13 ). An increase in size of shrimp in the catches (as indicated by a decrease in d), coupled with an increase in price spread among size categories (as indicated by a decrease in b), clearly results in pronounced increases in the average ex-vessel value per pound for brown and white shrimp (Table 12 , Figures 8 through 13) . Decreases in b produce greater increases in ex-vessel value per pound than equivalent decreases in d . Because catches also depend upon recruitment each year (Christmas and Etzold 1977) , the simulated average ex-vessel value per pound can be used as a multiplier for estimating the ex-vessel value for a given weight of May-August catch of a given size composition, for selected levels of b , for both species, and for each coastal area.
DISCUSSION
The extent to which the exclusion of unreported catches from our analyses affected our results and conclusions cannot be determined. Because reported catches of shrimp are not equivalent to actual catches, and because there are errors in assignment of catches to size categories, size composition of reported catchesis not identical to that of actual catches. Unknown portions of catches were not reported, e.g., shrimp discarded because they did not meet minimum size limits or for economic reasons, catches by recreational fishermen, catches sold directly to the consumer, and catches by foreign fishing craft (prior to 1976). Also unknown is the extent of errors of misclassification of catches by size category as a result of shrimp-grading practices. Such misclassification errors may average out in aggregated catches. However, a thorough investigation of the effects of shrimp grading practices ("machine grading" and "box grading") on size distributions of shrimp assigned t o various size categories would be necessary to determine the extent and magnitude of misclassification errors. Tables 3,4 , 7, and 11). 2The slope was significantly different from 0 at the 99% level of confidence. 3The slope was significantly different from 0 at the 95% level of confidence. -7.3187 -5.1176 -6.7862 -5.7348 ex-vessel value of May-August catch in each of seven size categories, C = lower limit (count) of each of the seven size categories, h(g) = intercept, h = slope, and r2 = coefficient of determination; all slopes, h, were significantly different from 0 at the 99% level of confidence, and the high r2 values indicated a very good fit of the straight lines to the data points.
Intercept
*Based on the linear regression of lnD on C, where D = cumulative ex-vessel value of May-August catch in each of seven size categories, C = lower limit (count) of each of the seven size categories, ln(g) = intercept, h = slope, and r2 = coefficient of determination; all slopes, h, were significant1 different from 0 at the 99% level of confidence, and the high r values indicated a very good fit of the straight lines to the data points. (Table 12) .
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For this reason, suggested that the observed decreases in size of brown shrimp may be the effects of increased fishing effort leading to the harvesting of increasing quantities of small shrimp before they grow to larger sizes. However, in the absence of a decline in total catch or conclusive evidence that shrimp are being harvested at rates in excess of that which would maximize yield, this cannot be construed as growth overfishing. The decrease in size of brown shrimp in catches from the Texas coast may be reversed as a result of closure of the FCZ off Texas due to postponement of fishing until the shrimp grow to larger sizes. Coupled with continued increase in the price spread among size categories, an increase in size of brown shrimp in the Texas coast catch could greatly enhance the value of that catch. On the other hand, the closure may increase fishing effort along the coasts of Louisiana, Mississippi, and Alabama (GMFMC 1980) , with the possible consequence of exacerbating the trends toward decrease of size of brown shrimp in the catches from these areas. In addition, the increased competition among offshore units could force some of the smaller ones to fish inshore as an alternative, thereby increasing the fishing pressure inshore. To our surprise, there were no significant changes in size composition of reported May-August catches of white shrimp in the three coastal areas from 1960 to 1978. However, if fishing pressure on the white shrimp stock were increased as a result of closure of the FCZ off Texas, the size of white shrimp in the May-August catch could decrease. , and Caillouet and Koi (1980) detected decreasesin size of white shrimp in reported annual catches and landings, respectively, from the northern Gulf. Therefore, these decreases in size must have been generated by an overwhelming influence of size composition of the catches during months other than May-August.
Our analyses do not account for the impact of overall inflation on the trends in ex-vessel value of shrimp catches.
However, they do indicate that the rate of inflation in ex-vessel value per shrimp is higher for larger than for smaller shrimp, a phenomenon that should be considered in studies of inflationary effects on the ex-vessel value of shrimp catches.
We have characterized the ex-vessel value per shrimp by size category, size composition, and ex-vessel value composition of the reported May-August catches of brown and white shrimp from the Texas, Louisiana, Mississippi, and Alabama coasts from 1960 to 1978. Comparisons, by similar analyses, with catch statistics for 1979, 1980, and 1981 , should be of particular use and interest as one means of assessing the impacts of the closure of the FCZ off Texas.
